INTRODUCTION {#sec1-1}
============

Antioxidants can be broadly defined as "any substance, which when present at low concentration compared to that of an oxidizable substrate, significantly prevents or delays any oxidation of that substrate."\[[@ref1]\] Oxidizable substrates include almost anything found in foods and living tissues, including proteins, carbohydrates, and DNA. The body has developed several endogenous antioxidant systems to deal with the production of reactive oxygen species (ROS). These systems can be divided into enzymatic and non-enzymatic groups. The enzymatic antioxidants include superoxide dismutase (SOD), catalase, and glutathione peroxidase (GSH-Px). The non-enzymatic antioxidants include the lipid-soluble vitamins \[vitamin E and vitamin A or provitamin A (β-carotene), the water-soluble vitamin C, and glutathione. When ROS are generated in living system, a wide variety of antioxidants come into play, such as tocopherol, ascorbic acid, SOD, GSH-Px, catalase, ceruloplasmin, flavonoids, uric acid, and several others. The relative importance and efficacy of these depends on which ROS are involved, how and where they are generated, and which target of damage is selected. Thus, an antioxidant may protect against the free radicals in one system but fails to protect other systems. Natural products are an important source of antioxidant molecules. Search for these molecules from traditional herbs is an ongoing process. *Helicanthus elastica* (Desr.) Danser (Loranthaceae) is one such plant belonging to the category of mistletoe, and grows commonly on the mango trees in India. This hemiparasite was found to be a rich source of phenolic compounds;\[[@ref2]\] hence, an attempt was made to assess the antioxidant properties of the plant in the present study. The ethanol extract of *H. elastica* growing on mango tree was studied using different *in vitro* models.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of extract {#sec2-1}
----------------------

Fresh plants of the mistletoe growing on *Mangifera indica* L. were collected during flowering during August 2009 from Kasaragod District of Kerala. Both host and the mistletoe were authenticated and the voucher specimen of the plant (no. 00637) was deposited at the pharmacognosy department of Captain Srinivasa Murti Drug Research Institute for Ayurveda, Chennai. The shade-dried whole plant material including the parasitic roots found on the surface of host was extracted with 90% ethanol by cold percolation. Fifty milligrams of the alcohol extract of *H. elastica* was weighed and dissolved in 10 ml of methanol. The resultant 5 mg/ml solution was suitably diluted to obtain different concentrations (50, 100, 150, 250, 500, 1000, 1500, and 2500 μg/ml) of the plant extracts and used for the following studies. Ascorbic acid (vitamin C) was used as the standard for comparison in the present study.

Total phenol content {#sec2-2}
--------------------

Five grams of the sample was extracted with 50 ml of alcohol. The extract was concentrated and weighed. One milliliter of Folin\'s reagent was diluted with 1 ml of water. Twenty grams of Na~2~CO~3~ was dissolved in 100 ml of water at 70-80°C and cooled overnight. The clear liquid was decanted before use. Ten milligrams of tannic acid was dissolved in 100 ml of water afresh. Standard curve was obtained by taking the standard solution at concentrations of 0.2, 0.4, 0.6, 0.8, and 1 ml. After adding the reagents add sample, make up with water, phenols reagent, followed by Na~2~CO~3~), the mixture was incubated at room temperature for 40 min in dark and the blue color developed was read at 725 nm in a UV spectrophotometer. The phenol content was estimated from the calibration curve of standard tannic acid which was obtained by plotting concentration versus absorbance.\[[@ref3]\]

Reducing power assay {#sec2-3}
--------------------

About 0.75 ml of different concentrations of the extract were mixed with 0.75 ml of phosphate buffer (0.2 M, pH 6.6) and 0.75 ml of potassium ferricyanide (1% v/v) and the mixture was incubated at 50°C for 20 min. The reaction was stopped by adding 0.75 ml of 10% trichloroacetic acid and centrifuged at 800 rpm speed for 10 min. About 1.5 ml of the supernatant was mixed with 1.5 ml distilled water and 0.1 ml ferric chloride (0.1%). This mixture was incubated at room temperature for 10 min and the absorbance was measured at 700 nm with UV-visible spectrophotometer. Higher absorbance of the reaction mixture indicates the greater reducing power.\[[@ref4]\]

Free radical scavenging {#sec2-4}
-----------------------

### Nitric oxide scavenging activity {#sec3-1}

Two milliliters of 10 mM of sodium nitroprusside in 0.5 ml of phosphate-buffered saline (pH 7.4) was mixed with 0.5 ml of varying concentrations of the extract and the mixtures incubated at 25°C for 2½ h. From the incubated mixture, 0.5 ml was taken out and 1 ml of 0.33% sulfanilic acid was added. This was allowed to stand at room temperature for 5 min. Then, 1 ml of 0.1% of naphthyl ethylenediamide dichloride was added, mixed, and incubated at room temperature for 30 min. The absorbance of the mixture was measured at 540 nm with UV-visible spectrophotometer.\[[@ref5]\]

### Hydroxyl radical scavenging activity {#sec3-2}

Two series of tubes were taken. In the first set, 60 μl of 1 mM ferrous chloride, 90 μl of 1 mM 1,10-bathophenanthroline, and 2.4 ml of 0.2 M phosphate-buffered saline (pH 7.4) were taken and 150 μl of 0.17 M hydrogen peroxide was added to initiate the reaction. This set was labeled as blank. In the second set, before adding hydrogen peroxide, 1.5 ml of varying concentrations of the extract was added. After incubation at room temperature for 5 min, the absorbance of the mixture was measured at 560 nm with UV-visible spectrophotometer.\[[@ref6]\]

### Superoxide anion radical scavenging activity {#sec3-3}

One milliliter of 156 μM nitroblue T and 1 ml of 468 μM of nicotinamide adenine dinucleotide were mixed with 0.5 ml of varying concentrations of the extract. To this mixture was added 100 μl of phenazine methosulfate and the solution was incubated at room temperature for 5 min. The absorbance was measured at 560 nm with UV-visible spectrophotometer. Decreased absorbance of the reaction mixture indicated increased superoxide anion generation.\[[@ref7]\]

### Hydrogen peroxide radical scavenging activity {#sec3-4}

One milliliter of varying concentrations of the extract and 1 ml of 0.1 M H~2~O~2~ were mixed, followed by addition of two drops of 3% ammonium molybdate, 10 ml of 2 M H~2~SO~4~, and 7 ml of 1.8 M potassium iodide. This reaction mixture was titrated with 5.09 mM of sodium thiosulfate until the disappearance of the yellow color.\[[@ref8]\]

### DPPH scavenging {#sec3-5}

1,1-Diphenyl-2-picrylhydrazyl (DPPH) is a stable free radial with purple color (absorbs at 517 nm). If free radicals have been scavenged, DPPH will generate yellow color. This assay uses this character to show the free radical scavenging activity. The extract was dissolved in methanol at a concentration of 1 mg/ml, which was then used to determine its antioxidant activity. Blank used was methanol, control was methanol + DPPH, and test was methanol + DPPH + sample \[100 μl extract (1 mg/ml)\].\[[@ref9]\]

RESULTS {#sec1-3}
=======

The total phenol content of the plant was found to be 1.89% w/w. The results of antioxidant activity of various concentrations ranging from 50 to 2500 μg/ml of the alcoholic extracts of *H. elastica* showed that the free radical scavenging effect of the tested extract was concentration dependent. The results obtained for the reducing power assay are presented in [Figure 1](#F1){ref-type="fig"}. The alcoholic extract produced marked and concentration-dependent increase in the reducing power \[[Figure 1](#F1){ref-type="fig"}\]. It was observed that the extract was effective in inhibiting the nitric oxide radical scavenging activity \[[Figure 2](#F2){ref-type="fig"}\]. The tested extract caused moderate inhibition of NO formation. The observed activity was not concentration dependent-moderate inhibition of NO formation was observed at 25 and 100 μg/ml. The inhibition observed at higher concentration level was less in comparison to the effect observed at lower concentration level. It was observed that *H. elastica* extract was effective in scavenging hydroxyl radical \[[Figure 3](#F3){ref-type="fig"}\]. The IC~50~ value was found to be 37.42 μg/ml. The effect was not concentration dependent at the concentration level studied. Moderate inhibition was observed at 25 μg/ml, whereas at higher concentration level (100 μg/ml), the inhibitory effect was almost absent. The alcoholic extract of *H. elastica* produced significant superoxide anion radical scavenging activity. The IC~50~ value was found to be 218.03 μg/ml. The activity was concentration dependent up to a concentration of 800 μg/ml; above this concentration, the scavenging activity was found to be lesser \[[Figure 4](#F4){ref-type="fig"}\]. The IC~50~ value was found to be 17.96 μg/ml. The extract exhibited concentration-dependent inhibition of hydrogen peroxide formation \[[Figure 5](#F5){ref-type="fig"}\]. The tested extract produced remarkable decrease in the free radical formation at the concentration of 1 mg/ml \[[Figure 6](#F6){ref-type="fig"}\].
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DISCUSSION {#sec1-4}
==========

Evaluation of putative drugs, especially plant products, for antioxidant activity is considered important. The antioxidant activity is normally initially screened in *in vitro* conditions and is followed by evaluation under *in vivo* conditions. In the present study, the alcoholic extract was subjected to antioxidant property evaluation in a series of test paradigms representing generation of different types of ROS. It is well known that superoxide is generated in cells during oxidative stress, mainly from decomposition of lipid peroxides or by spontaneous dismutation of super oxide.\[[@ref10]\] Peroxynitrite is another potent oxidant formed by the interaction of superoxide with nitric oxide under various pathophysiological conditions. Nitric oxide is one of the smallest and most diffusible signal molecules known,\[[@ref11]\] and is also a very active molecule involved in many and diverse biological pathways. Nitric oxide can have both positive and negative effects depending on the concentrations reached in the diseases.\[[@ref12]\]

Analysis of the results obtained indicates a remarkable and concentration-dependent reducing activity that is almost equal to that of ascorbic acid at 25 μg/ml. This clearly indicates that the extract contains active principle(s) with good antioxidant potential. This was further confirmed in the DPPH assay. In general, the assay systems measured the scavenging activity against free radicals as a whole, followed by assessing the effect on different individual free radicals. The nitric oxide scavenging activity exhibited by the extract was not concentration dependent. Maximum inhibition of around 35.5% was observed at 100 μg/ml concentration, which is almost half of that shown by ascorbic acid. A moderate inhibition of around 59% was obtained for hydroxyl radical formation (56.06% for ascorbic acid), but the IC~50~ value was found to be lower at 37.42 μg/ml. With regard to superoxide formation, which along with hydroxyl radical is considered as the most reactive of free radicals, good inhibition (up to 80%) was observed, but with comparatively higher IC~50~ value of 218.03 μg/ml. Ascorbic acid did not show any inhibition in this system. The extract exhibited concentration-dependent inhibition of hydrogen peroxide formation up to a dose of 5 μg/ml, which was almost equivalent to that of ascorbic acid (61.26%), and at a concentration above this, the inhibitory effect was found to be decreased. The results obtained indicate the presence of inhibitory effect on hydrogen peroxide formation at a comparatively low dose level. The results obtained indicate a good potential of antioxidant activity. However, it remains to be ascertained using *in vivo* systems whether the observed effect would translate into meaningful antioxidant effect in an intact animal.

CONCLUSION {#sec1-5}
==========

The extract showed good reducing power as well as efficient scavenging of free radicals (nitric oxide, hydroxyl, superoxide anion, and hydrogen peroxide) at concentrations ranging from 5 to 100 μg/ml. The study revealed the antioxidant potential of *H. elastica* which is attributed to its high phenol content.
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